Reconstruction and Retrofitting of Buildings after Recent Earthquakes in Iran  by Mahdi, T. & Mahdi, A.
 Procedia Engineering  54 ( 2013 )  127 – 139 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Department of Civil Engineering, Sebelas Maret University
doi: 10.1016/j.proeng.2013.03.012 
The 2nd International Conference on Rehabilitation and Maintenance in Civil Engineering 
Reconstruction and Retrofitting of Buildings after Recent Earthquakes in 
Iran 
T. Mahdia* and A. Mahdib 
aBuilding and Housing Research Centre, Tehran, Iran 
bSadra University, Tehran, Iran 
Abstract 
The 1990 Manjil Earthquake as one of the most destructive earthquakes in the last century in 
Iran was a great challenge. Based on the experience gained from this event, a comprehensive 
earthquake hazard reduction program had been launched in 1991. It was assumed that such a 
program would improve the performance of different organizations during any future 
earthquakes. The present paper investigates the technical aspects of the reconstruction and 
retrofitting programs carried out after recent earthquake. The investigated earthquakes include 
the 2003 Bam, the 2005 Zarand, and the 2006 Silakhor. In comparison to the 1990 Manjil 
earthquake, shorter construction time, higher productions, and better qualities are some of the 
results of these programs. Furthermore, the shortcomings of these programs are discussed and 
methods used to improve these programs are reviewed. 
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1. Introduction 
The Islamic Republic of Iran is situated in south-west Asia and covers an area of 
1,648,000 square kilometres. Located in the active Alpine-Himalayan seismic belt that 
is an earthquake prone zone that has experienced many destructive earthquakes in the 
past. Since 1900, earthquakes have killed more than 180000 people in Iran (National 
report of the Islamic Republic of Iran on disaster reduction 2005). These losses are 
attributed to 14 earthquakes of magnitude ~7.0, and 51 earthquakes of 6.0-6.9 that have 
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occurred in Iran since 1900 (Berberian 2004). Table 1 shows some of the most 
destructive earthquakes that have occurred in Iran in the last five decades. In 1991, one 
year after the Manjil earthquake, the Iranian government decided to implement a 
multidisciplinary strategic research and mitigation plan with the following objectives 
(Ghafory-Asthiany et al 2000): 
1. Increasing the scientific knowledge required for earthquake hazard mitigation. 
2. Reduction of risk of failure in different types of constructions and the needs to build 
safer structures. 
3. Increasing public awareness of seismic hazards and promoting a collective prevention 
culture. 
4. Developing plans for post earthquake actions. 
The present paper reviews reconstruction and retrofitting measures taken after recent 
earthquakes (item 4 of the mitigation plan), with brief discussions on the other items. 
The investigated earthquakes include the 2003 Bam, the 2005 Zarand, and the 2006 
Silakhor earthquakes. 
Table 1. General data on the most important earthquakes in the last five decades (Building and housing 
Research Center ; United State Geological Survey) 
Date Location Mag. (M) Fatalities 
1/9/1962 Buyin-Zahra, western Iran 7.3 12225 
31/8/1968 Dasht-i Biyaz, eastern Iran 7.3 12000 
10/4/1972 Ghir (Qir), southern Iran  6.8 5054 
24/11/1976 Turkey:Muradiye (Turkey-Iran border region) 7.3 5000 
16/9/1978 Tabas, eastern Iran 7.8 15000 
11/6/1981 Golbaft, south eastern Iran 6.9 3000 
28/7/1981 Sirch, south eastern Iran 7.3 1500 
20/6/1990 Manjil, northern Iran 7.7 35000 
28/2/1997 Ardebil, north western Iran 6.1 965 
10/5/1997 Ardekul, eastern Iran 7.3 1572 
22/6/2002 Changureh (Avaj), Western Iran  6.5 261 
26/12/2003 Bam, south eastern Iran 6.6 31000 
22/2/2005 Zarand, central Iran 6.4 612 
31/3/2006 Silakhor, Western Iran 6.1 70 
2. Disaster Management Systems in Iran 
In 1991 the responsibilities and functions related to disasters were formally assigned 
to the Ministry of Interior. According to this mandate, the Ministry is responsible for 
policy, guidance, supervision, rescue and relief operations, temporary settlement, 
mitigation, and reconstruction and rehabilitation activities with the cooperation of all 
the respected government agencies. 
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2.1. Rescue and Relief 
After the occurrence of any disaster, all the related government agencies would be 
placed under the command of the respected natural disaster manager. This system was 
developed based on the experience gained from the 1990 Manjil earthquake. 
Furthermore, for each province, neighbouring (sister) provinces have been designated 
for dispatching aids and rescue teams if it becomes necessary (Ghafory-Ashtiany 1999).  
2.2. Temporary Sheltering and Temporary Housing 
Past experience showed that temporary settlements have many negative aspects. On 
one hand, the existence of temporary sheltering or temporary housing might lead to the 
prolongation of the reconstruction period as was the case in the 1968 Dasht-i Biyaz and 
the 1972 Qir earthquakes; on the other hand, it was the practice to modify and expand 
these temporary houses and use them as permanent ones by their occupiers. Since these 
houses were not designated for such a purpose, these modifications had led to structural 
problems as shown in Figure 1. In this figure, a temporary house built after the 1962 
Buyin-Zahra earthquake and modified by the owner to be a permanent one, was 
damaged during  the 2002 Changureh (Avaj) earthquake. 
 
Figure 1. A modified temporary house affected by the 2002 Changureh (Avaj) earthquake 
2.3. Reconstruction 
In Iran, The Housing Foundation (a semi-governmental organization) is responsible 
for the rehabilitation and construction of low cost housing in rural areas as well as 
reconstruction of rural areas after a natural disaster. The performance of The Housing 
Foundation, during the 1990 Manjil earthquake and other natural and human-made 
disasters occurred in the past, was quite acceptable. Based on the experience gained in 
these events, it had been chosen as the coordinator and in most times as the executer of 
reconstruction programs in other natural disasters that followed. In carrying the 
reconstruction program, a suitable guideline has been put for this purpose that contains 
the followings: 
- Site Selection:  
unless there is a serious threat to the original location, forced relocation to another site 
is not desirable. If a landslide or being close to a fault line cannot be prevented, 
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relocation is permissible. To designate or locate the adequate site for reconstruction; 
local geology, seismicity, geotechnical factors, site effects, and socio-economic and 
cultural aspects should be taken into consideration. However; and due to the need to 
speed up the construction of permanent settlements and the huge amount of debris need 
to be cleared, in many past earthquakes relocation of villages was the more practical 
solution. Obviously, such relocation was not welcomed especially in rural areas.  
- Seismic Design:  
All new structures should have suitable resistance against future earthquakes with the 
consideration of earthquake hazard and environmental condition of the region. These 
structures need to be designed according to the Iranian seismic code of practice and 
other Iranian codes. Furthermore, suitable details and practices must be followed in the 
construction process of these units. Example of bad practices had been observed in the 
1997 Ardekul earthquake. In 1979, some considerable part of the 1997 earthquake-
affected area was the scene of two intense earthquakes. The predominant structural 
system used in the reconstruction process consisted of reinforced concrete frames with 
URM infills. The majority of these structures suffered considerably in the 1997 
earthquake (Mahdi 2004), as shown in Figure 2.  
In this regard, and to avoid similar catastrophes, The Housing Foundation prepared 
many typical models to be used in the reconstruction program. One of the most 
commonly used models is shown in Figure 3. The structure of this model was tested 
under simulated seismic loads at the laboratories of The Building and Housing Research 
Center of Iran (BHRC) (Astaneh-Asl et al 2006). By using such a model, the owner can 
expand his house from different directions without damaging the original structure. 
Adopting this scheme that is called the "Core Housing method" can solve problems 
related to unauthorized modifications faced in the past.  
 
Figure 2. Improper connection details in the 1997 Ardekul earthquake 
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Figure 3. A bolted braced steel frame system commonly used in the reconstruction program 
- Construction Material:  
In the past, the use of local construction techniques with indigenous materials without 
any engineering assistance is one of the reasons for vulnerability of the rural houses. 
Furthermore, economic constraints, climatic conditions and insufficiency of some 
materials may also force people to construct substandard buildings which are vulnerable 
to disasters (Ghafory-Asthiany 1999). To minimize losses due to natural disasters and to 
achieve sustainable developments, it has been concluded that a suitable policy need to 
be specified. According to this policy, the design and construction of buildings must be 
based on local conditions, local building materials, and local expertise. Therefore, it is 
quite important to develop simple technologies that can utilize maximum local 
resources and skills. In past earthquakes and because of the urgent need to have 
permanent houses, many difficulties had been faced in training local people and 
developing new local industries in the short periods followed the events. Therefore, it is 
advisable to have a long-run program to achieve these aims. Accordingly, quality and 
environmental compatibility of the construction material is an important element in an 
earthquake resistance structure. Considering the remoteness of the damaged area and 
accessibility to the technical people as well as policy of maximum participation of the 
affected people in reconstruction of their homes; high quality and accessible 
construction material should be used in order to assure earthquake resistance 
construction.  
- Construction:  
In the earthquake-stricken zones, designing earthquake resistant buildings is very 
important. However, the construction of these structures is equally important. Thus, the 
construction of these buildings should be done either by certified construction 
companies or by trained people.  
- Quality Control and Supervision:  
Quality control and supervision are key elements to a successful reconstruction. 
Evaluation of reconstructed regions in recent earthquakes and presenting ways to 
improve the construction quality are quite important in any reconstruction program.  
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2.4. Retrofitting  
Due to the high seismic vulnerability of most populated area in Iran, a national 
retrofitting program to assess the seismic vulnerability of important buildings was 
launched. One of the most important undertakings of the Iranian government in 
reducing the seismic vulnerability of the country against the earthquake is "Study and 
performing Retrofitting of the Important Buildings and Lifelines" which covers seven 
structural groups and was enacted since 2003. In parallel, "Instruction for Seismic 
Rehabilitation of Existing Buildings" was prepared with the aid of The International 
Institute of Earthquake Engineering and Seismology (IIEES) and was published in 
2003. Based on this guideline and others that have been published later, a retrofitting 
program of essential facilities and lifelines has been launched. Although, residential 
buildings were not a priority in this program, it was the practice to carry out a 
retrofitting program in the earthquake-stricken areas after each earthquake. In most 
cases, the retrofitting program is a minor event compared to the construction program; 
however, carrying on such a program was necessary for economical, political and social 
reasons.  
3. The 2003 Bam Earthquake 
On December 26, 2003 at 01:56:56 GMT equal to 5:26:26 local time, an earthquake 
with magnitude of Ms 6.6 hit the city of Bam south-eastern of Iran. The earthquake 
maximum intensity was estimated to be IX (MMI scale). It was noted that the damage 
done was concentrated in very limited area and the intensity of earthquake decreased 
rapidly to VI at Darzine, a village at a distance of 27 km to the north west of Bam. The 
maximum horizontal recorded accelerations were 0.81g and 0.65g for the east-west 
horizontal and north-south horizontal components respectively, and 1.01g for the 
vertical peak acceleration (Building and Housing Research Center 2003).  
3.1. Affected Buildings 
The earthquake of 26 December 2003 destroyed more than 53,000 houses and other 
buildings and most of the remaining buildings were severely damaged (Astaneh-Asl et 
al 2006). 
At the time of the earthquake, the non-engineering buildings accounted for more 
than 63 percent of the total number (Mostafaei and Kabeyasawa 2004; Management and 
Program Organization 2004). They are mostly adobe and brick URM buildings. Other 
types of structures including confined masonry and steel frame structures were also 
noticeable in the stricken area. The general performance of most of these buildings was 
not satisfactory. 
3.2. Temporary Shelters 
Within four weeks after the earthquake, about 30,000 survivors were placed in tents 
and other emergency shelters while removal of debris and construction of temporary 
housing continued and within eight months, about 30,000 temporary houses, each with 
an area of about 20 m2 were built and replaced the emergency shelters (Astaneh-Asl et 
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al 2006). Temporary shelter construction initially took place by erecting units from 
prefabricated components in camps, mainly on the eastern outskirts of the city as shown 
in Figure 4. Consequently, while the original proposal called for the building of 
intermediate shelters in camps, the effort was redirected to construct prefabricated units 
on the site of the original plots of land. Although the original plan was that everyone 
living in a tent would have moved into intermediate shelters by the end of April, 
completion of the intermediate shelters has taken more time than anticipated (Khazai 
and Hausler 2005). 
 
Figure 4. Temporary shelter construction on the outskirts of the city of Bam 
3.3. Reconstruction 
After the quake, The Housing Foundation was put in charge of reconstruction of 
Bam including housing, commercial units and infrastructures. The design for the new 
dwellings built through the reconstruction program was provided by The Housing 
Foundation.  
Reconstruction of rural houses, due to their less complex nature compared to urban 
housing, started first. The standard rural home had an area of 60 m2 and was one story 
single detached building with a living room, two bedrooms, a kitchen, and a separate 
shower and restroom. If a homeowner opted for a larger home, the standard plan could 
easily be expanded to 85 m2 to include a third bedroom and a larger living room as 
shown in Figure 5. 
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Figure 5. Architectural details of the 85 m2house 
As shown in Figure 3, the steel structures of these houses consist of shop-welded 
and field- - -
fabrication of the steel structures had been carried out in five sites. The sites were under 
strict quality control especially with regard to the quality of welds, which were done by 
certified welders. The foundations are reinforced concrete separated footings tied to 
each other by reinforced concrete tie beams. The roof system used in the structures 
consists of pre-cast reinforced concrete joists, and the space between the joists is filled 
with hollow clay blocks (Astaneh-Asl et al 2006). 
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In the cities of Bam and Baravat, the role of The Housing Foundation was to help 
the owners with finances, architectural and engineering services, construction materials 
and contractors. Unlike the rural housing, the plans for homes in the Cities were not 
typical and varied in architectural aspects. The Housing Foundation during the first 
three months after the quake built its "Technical and Engineering Services 
Headquarters" in Bam, which included a building to house more than 41 architectural 
design offices, an exhibition, and several sites to build the model homes for the 
residents of Bam to visit and select from (Astaneh-Asl et al 2006). 
4. The 2005 Zarand Earthquake 
On the 22nd of February 2005, areas around the city of Zarand at central Iran had 
experienced an earthquake that had a magnitude of 6.4 Mw. The main shock occurred at 
2:25:22 universal time that is equivalent to 5:55:22 local time. The maximum intensity 
in the epicentre area was VIII degree of the MCS scale. Based on the information 
obtained, few villages either totally destroyed, or underwent some damages. As a result 
of this earthquake, many small and large landslides occurred. The biggest landslide 
occurred on the road between Hatkin and Islamabad that caused the closure of the road 
in the first hours followed the earthquake.  
4.1. Affected Buildings 
A great number of buildings were severely damaged or collapsed during this 
earthquake. The majority of adobe buildings were suffered heavily. In fact, most 
causalities of this earthquake were occurred as the result of the failure of such buildings. 
URM brick buildings were also damaged because of the absence of lateral resistance 
systems and poor construction practices. Even confined masonry buildings that built 
according to the Iranian Seismic Code of Practice had sustained some damages. 
However, the later damages were quite minor compared to those observed in non-
engineering buildings. Most of the governmental, industrial and essential buildings in 
the area were confined masonry, steel and concrete ones. Generally, these building were 
lightly damaged, and most damages were non-structural ones. 
Although more than 60% of the damages concentrated around the villages of 
Dahoeieh and Hatkin, the overall damages were spread in a large area of roughly around 
1000 km² that contained more than 50 villages and small cities. Almost all the building 
in Dahoeieh and Hatkin suffered 60-100% damage. Sample of the earthquake losses in 
Dahoeieh is shown in Figures 6. In contrast, and at a distance of less than one kilometre 
neighbourhood which was established on relatively thick sediment layers, had sustained 
much less damages. All the buildings in "The town of Dahoeieh" are masonry with 
around 60% of them are confined ones. Only around 50% of the buildings suffered 10-
60% damage. In Islamabad, a small mining neighbourhood that has both adobe and 
brick masonry buildings all the buildings has suffered some type of damages that varied 
between 20-100%. This small neighbourhood has a stone bridge that has not suffered 
any damages and the electrical poles remained standstill.  
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Figure 6. The complete destruction of the village of Dahoeieh 
4.2. Temporary Shelters 
After the earthquake, and due to the cold weather in the region particularly in the 
high mountains, providing a temporary shelter was a priority. However, the kind of 
tents distributed in the earthquake-stricken area was not suitable 
4.3. Reconstruction 
The Housing Foundation as the responsible for reconstruction in the affected area 
had offered many plans for rural and urban houses. Three different floor plans were 
suggested by The Housing Foundation, a 43 m2 single bed room, a 60 m2 two bed 
rooms, and an 85 m2 three bed rooms similar to that shown in Figure 5. 
The steel structures of these houses consist of field- -
concentrically braced frame in both directions, as shown in Figure 3. Because of 
difficulties in controlling the quality of welding, especially in rural areas, welded 
connections were not used in these frames.  
According to the rules put by The Housing Foundation, owners in rural areas ought 
to choose one type of the plans mentioned above, while owners in the cities could chose 
their own skeleton. 
5. The 2006 Silakhor Earthquake  
At 4:47 a.m. local time on March 31, 2006 an earthquake occurred in the Silakhor 
Plain, western Iran. In this earthquake, 60 villages were completely destroyed while 
nearly 330 villages in the region had been damaged. 
5.1. Affected Buildings 
Most of the buildings in this region had adobe or brick walls with wooden beams in 
the roofs. Clay and straw are used to cover the wooden beams. On the other hand, the 
more newly buildings had brick walls and jack-arch roofs. The vast majority of these 
houses; however, had not been constructed to resist earthquakes. In this earthquake, 
more than 40000 house units had been destroyed.  
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5.2. Rescue Operations 
Fifteen minutes after the event, rescue and relief teams were deployed. Considering 
the extent of the disaster, it was clear that local resources were not sufficient. Thus and 
as planned in advance, assistance from nearby provinces was requested. Search and 
Rescue operations were completed by 11:00 a.m. local time of the first day. Moreover, a 
total of 52,200 tents were distributed. (Hadafi and Fallahi 2010), and power and water 
supplies were restored within 36 hours after the earthquake. 
5.3. Temporary Housing 
After the earthquake, the Iranian Government decided to eliminate the temporary 
housing stage and start immediately with permanent housing construction. This decision 
was aimed to maximize the speed of construction, reduce the cost and encouraging 
people to participate in the reconstruction process (Hadafi and Fallahi 2010). However, 
and since the reconstruction process had lasted for more than 2 years, most survivors 
were obligated to erect their temporary shelters. 
5.4. Reconstruction 
In this earthquake, The Housing Foundation had offered many plans for rural and 
urban houses. As before, the structure of these houses was a steel braced frame with 
field-bolted or welded connections, as shown in Figure 3. However, other types of 
skeletons had been also used in the earthquake-stricken area.  
5.5. Retrofitting 
In the aftermath of the 2006 Silakhor earthquake, a very extensive retrofitting 
program was launched. The criterion for selection of buildings for further evaluation 
was the estimated damage of less than 70%. The visual inspections, which were done 
based on ATC-21 forms, were focused on the visible structural and non-structural 
deficiencies of the building, including the lack of structural integrity, the lack of 
diaphragm's integrity, the non-rigidity of the diaphragms, improper lateral systems, 
large openings, insufficient foundations, improper connections between crossing walls, 
and other major damages (Aghabeigi et al 2008). 
For URM buildings, the main retrofit techniques used were the followings 
(Aghabeigi et al 2008): 
1. Adding some walls to increase the shear resistance of the buildings 
2. Increasing the walls shear strength by using steel mesh and shotcrete, as shown in 
Figure 7   
3. Adding external shear walls 
4. Adding external bracings 
5. Decreasing the weights of the buildings 
6. Increasing the rigidity of the floors and the roofs. 
7. Increasing the widths of the foundations, as shown in Figure 7a 
8. Improve integrities of the diaphragms as shown in Figure 7b 
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6. Conclusion 
The reconstruction and retrofitting programs offer good opportunities for upgrading 
buildings in earthquake stricken areas. With the existence of many difficulties that 
hindered these programs, the overall performance was satisfactory. In comparison to the 
1990 Manjil earthquake, shorter construction time, higher productions, and better 




Figure 7. Retrofitting of URM buildings 
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